The skin flora of 20 normal subjects was sampled from 7-cm2 sites on the volar forearm, forehead and ball of the foot. Interactions between all aerobic and anaerobic strains isolated from the same site were examined by a deferred-antagonism technique. Seventeen subjects possessed inhibitory strains on at least one skin site. Of the Micrococcaceae tested, 20.6% were inhibitory. Of the aerobic diphtheroids, more strains were sensitive (1 9.2%) than inhibitory (5-1 %). Inhibitory Micrococcaceae and aerobic diphtheroids revealed intergeneric and intrageneric inhibition. Antagonistic propionibacteria were found (7.4%) but no sensitive strains. Several Micrococcaceae were specifically antagonistic towards only one strain isolated from the same skin site; no sensitive strains from other skin sites or other subjects were found. Quantitative sampling showed that only 17.5% of the inhibitory strains clearly dominated their skin sites numerically.
INTRODUCTION
The role of "antibiotic"-producing strains of bacteria in the microbial ecology of the skin is controversial and has been well reviewed by Woodroffe and Shaw (1974) and by Noble and Pitcher (1978) . The interactions of skin Micrococcaceae, in particular, are extensively documented in these reviews. Hsu and Wiseman (1967) found that 6% of the coagulase-positive and coagulase-negative staphylococci they studied produced antibiotics, but Pillsbury and Rebel1 (1952) found no evidence of inhibition by 100 strains of skin Micrococcaceae or by 10 strains of skin diphtheroids. Selwyn and Ellis (1 972) reported that 20% of normal persons carried antibiotic-producing bacteria on their skin and Selwyn (1 975) found antibiotic-producing bacteria on the healthy intact skin of about 23% of subjects, the active strains predominating in 38% of these; 19% of dermatological patients carried inhibitory strains, which constituted the predominant flora in 78.4% of these subjects. Selwyn (1 975) concluded that carriage of an inhibitory strain confers an advantage on diseased skin but not on healthy skin. Noble and Willie (1980) were, however, unable to confirm these results and observed that carriage of inhibitory strains did not protect against colonisation by Staphylucoccus aureus. They recognised that only 10% of patients carry inhibitory strains. Holland, Cunliffe and Eady (1979) discerned no difference between the prevalence of inhibitory strains on normal skin and skin bearing acne lesions, and they established that inhibitory strains o f Prupiunibacterium acnes outnumbered inhibitory Micrococcaceae by four to one on the face and the back.
Antagonism by aerobic coryneforms isolated from the skin has not been studied in detail, although Somerville (1 972) observed bacteriocine production by these organisms and Noble, Willie and Admawi (1979) reported production of a peptide antibiotic with a molecular weight of approximately 1200 by some skin coryneforms.
The main discrepancies in these surveys may have arisen from differences in technique. Thus, the methods of demonstrating antagonism v a r i d from simultaneous antagonism (Selwyn and Ellis, 1972) to deferred antagonism (Holland et al., 1979) . For indicator organisms, Pillsbury and Rebel1 ( I 952) used strains not originating from the skin. Hsu and Wiseman (1967) used only one indicator strain to test over 1400 Micrococcaceae in initial screening, while Pryjma et al. (1971~) used two indicator strains, one staphylococcus and one diphtheroid, as did Selwyn and Ellis (1972). Holland et al. (1979) used 12 strains of S . epidermidis biotype 1, and 20 strains of P . acnes as indicators. Other factors of importance may be the diffusibility of the inhibitor, the dilution of the indicator strains, the choice of culture medium, the age of cultures and the time and temperature of incubation.
The purpose of the present study was to clarify potential inhibition in vivo by examination of inhibition patterns between all bacterial strains isolated from the same skin site on the same subject.
MATERIALS AND METHODS

Materials.
Tryptone Soya Agar (TSA), Reinforced Clostridial Agar (RCA), Malt Extract Agar (MEA), Brain Heart Infusion Agar (BHIA) and yeast extract were from Oxoid Limited, Wade Road, Basingstoke, Hampshire RG24 OPW. Triton X-100 (Octylphenoxypolyethoxyethanol) and Tween 80 (polyoxyethylene sorbitan mono-oleate) were from the Sigma London Chemical Company Limited, Fancy Road, Poole, Dorset BH 17.
Subjects. Twenty healthy subjects, 13 male and seven female, were chosen from amongst members of the University of Bradford. Their ages ranged from 22 to 53 years.
Sampling sites were the volar surface of the forearm ("non-special" skin), the forehead (sebaceous area with high populations of propionibacteria) and the ball of the foot (cornified area with many sweat ducts).
Isolation and identgcation of strains. The skin flora was sampled by the cup-scrub technique of Williamson and Kligman (1965) . The sampling area of 7 cm2 was delineated with a sterile Perspex cylinder and two one-minute scrubs were done with sterile 0.1% (w/v) Triton X-100 in 0 . 0 7 5~ phosphate buffer. The samples were pooled and two tenfold dilutions were made in sterile 0.05% Triton X-100 in 0 . 0 3 7 5~ phosphate buffer. From the original sample and from the two dilutions, 0.1 ml was plated out on TSA and TSA containing 0.5% (v/v) Tween 80 for aerobes, RCA for anaerobes and MEA containing 0.005% (w/v) chloramphenicol for dermatophytes. Aerobic plates were incubated at 37°C for 48 h and anaerobic plates for 5 days in a Baird and Tatlock anaerobic jar with Oxoid Gas-Kits. Plates for dermatophytes, stored at 2 5 T , were examined at intervals for up to 14 days. Colony types were counted on the most suitable plates and counts/cm2 of the sampled area were calculated. Representative colonies were transferred to slopes and plated out to check for purity. Facultative anaerobes on RCA plates were detected by aerobic subculture.
Gram-positive, catalase-positive cocci were classified according to Baird-Parker (1 974). Aerobic, gram-positive, catalase-positive diphtheroids were morphologically variable and were classified according to Evans (1 968) . Anaerobic gram-positive diphtheroids were designated as propionibacteria although different colonial types isolated from the same skin site were noted. Isolates that did not belong to the above categories were classified according to Cowan (1974) . The only dermatophyte isolated was stained with lactophenol cotton blue and checked microscopically.
Strains were identified after testing for inhibition because preliminary experiments had shown that the inhibitory ability of some strains was unstable.
Designation of strains. Subjects were numbered 1 to 20 and skin sites were designated A = volar forearm, B =forehead, C =ball of foot. Micrococcaceae were coded according to Baird-Parker (1974) as follows: SA = S. aureus; SE 1 to 4 = S. epidermidis and biotype; S S 1 to 4 = S. saprophyticus and biotype; M = Micrococcus. Aerobic diphtheroids were coded Diphth. A to G (Evans, 1968) . Hence I A SEl was a strain of S. epidermidis biotype 1 isolated from the forearm of subject 1.
All strains isolated from a single site on one subject constituted a "test group"; hence there were 60 groups. Each strain within each group was tested for inhibitor production against all other strains in the test group and for sensitivity to inhibitors produced by all other strains.
The method and medium used to demonstrate antagonism reproducibly were selected after preliminary experiments with skin strains and known inhibitory strains and a deferredantagonism technique was chosen. Overnight broth cultures of aerobic organisms within a test group were stab-inoculated with a multipoint device into TSA containing 0.5% (w/v) yeast extract at pH 6.0, with the same number of plates as strains in the test group. Anaerobic strains were stab-inoculated in BHIA at pH 6.0. Plates were incubated at 37"C, the aerobic ones for 3&48 h and the anaerobic ones for 4 days. Growth around the stabs was removed by scraping and the plates were exposed to chloroform according to the method of Bauernfeind and Burrows (1 978). The plates were seeded by flooding with 1 in 50 dilutions of overnight broth cultures of each strain in the test group and then incubated at 37"C, overnight for aerobic indicator strains and 4 days for anaerobic indicator strains. Inhibition zones were recorded.
Because Fedotova (1967 , cited by Ivanov, 1970 had stated that about 70% of bacteriocines produced by skin staphylococci were sensitive to chloroform, comparative tests were made between the bactericidal action of ultraviolet (UV) light and chloroform. In the UV experiments plates were exposed in a Hanovia Bactericidal Unit (A = 2537 A; Hanovia Lamps, Slough, Berks) for 20 min and seeded as above. No difference between the methods was found, except that one staphylococcus showed an inhibition zone on the UV-irradiated plate but not on the chloroform-treated plate.
Bacterial counts were done on original skin washings to determine whether inhibitor production was a property of "dominant" strains. "Dominance" is difficult to define because Leyden et a[. (1975) have shown that on the face P . acnes may outnumber Micrococcaceae by ten to one and, moreover, counts may be affected by dilution (Evans et a[., 1950) . These factors were taken into account when assessments were made.
Demonstration of antagonism.
RESULTS
Of the 20 subjects, three showed no inhibition in all test groups, seven displayed inhibition in one group, eight in two groups and two showed inhibition in all three test groups. Nine subjects had inhibitory strains on the forearm, seven on the forehead and 13 on the ball of the foot. Ten test groups yielded more than one inhibitory strain and 12 test groups possessed more than one sensitive strain (table I) .
Forty of the 295 strains (1 3.6%) produced inhibitors against strains in the same test group (table 11) , and 47 of the 295 strains (15.9%) were sensitive to inhibitors produced by strains in the same test group. Table I11 shows that the highest incidence of inhibition was found between the Micrococcaceae. There were more sensitive aerobic diphtheroids than inhibitory strains. Inhibitory Micrococcaceae and aerobic diphtheroids showed intergeneric and intrageneric inhibition. Four inhibitory propionibacteria were found; all were active against Micrococcaceae but not against aerobic diphtheroids. Sensitive propionibacteria were not discovered. Because very few test groups contained more than one strain of Propionibacterium intrageneric inhibition o f this group was not studied. One dermatophyte, three strains of Peptococcus, two streptococci and two gram-negative rods (not fully identified) were isolated from the test subjects. None of these showed any inhibition of strains from the same site and six were isolated from sites where inhibition was not demonstrable by any of the strains in the test group.
TABLE I11 Intergeneric and intrageneric inhibition between bacterial strains isolated from the same skin site
The total number of inhibitory strains in all test groups was 40 and of these only seven strains (1 7.5%) showed clear numerical dominance at all dilutions on the skin-sampling plates. Pryjma, Heczko and Bobr (1971b) observed that in the nasal vestibule sensitive diphtheroid strains co-existed only sporadically with staphylococci possessing antagonistic properties. In the present survey the many strains isolated from the skin and capable of inhibiting other strains from the same site is surprising. The results show that inhibitory strains do not necessarily dominate healthy skin numerically but that they may control the population densities of sensitive resident organisms. Milyani and Selwyn (1978) showed that the inhibitory effect of their S6+ strain was more pronounced on solid than in liquid media and that this can be attributed to dilution of the antibiotic in the latter. However, the inhibition of a less sensitive strain of S. aureus on solid media depended on the absolute and relative size of the S6+ inoculum; if this was too low, the S. aureus grew normally. Milyani and Selwyn (1978) stated that the physical distribution of the antibiotic-producing strain was very important and that antibiotic production would be insufficient to suppress the growth of sensitive strains if the producer strain was too widely dispersed. In a recent study with the scanning electron microscope, Malcolm and Hughes (1 980) showed bacteria widely scattered in small colonies on the skin surface, a spatial relationship that may affect antibiotic sensitivity on the skin. Also, there are usually more than two strains present on a skin site and an inhibitor may be neutralised by enzymes produced by a third strain to give a stable population. Another possibility is that strains sensitive to the inhibitor on artificial media may be protected against it on the skin. Rogers (1974) demonstrated that a sucrose-supplemented medium promoted the formation of a polysaccharide layer that protected normally sensitive streptococci against a bacteriocine of Streptococcus mutans. In the present survey, spontaneous and irreversible loss of sensitivity was noted for six strains. Selwyn (1975) discussed the role of inhibitory strains on the skin and concluded that on healthy skin the bacterial population multiplies slowly in generally dry conditions. In topical disease, however, the bacterial populations usually increase and the elevated moisture content provides more favourable conditions for diffusion of "antibiotics" and, therefore, confers an advantage on the producer strain. Staphylococcus aureus strain 502A has been used to prevent colonisation by other more virulent staphylococci, although Anthony and Wannamaker (1967) were unable to show antibiotic production by this strain. Selwyn, Marsh and Sethna (1 976) demonstrated more pronounced antagonism by their S6+ strain in vivo than in vitro and suggested that it would be more suitable than S. aureus strain 502A for prophylactic use on human skin. However, the importance of inhibitory strains in the skin micro-environment cannot be truly assessed until conditions in which organisms grow on the skin can be more accurately reproduced in vitro. Murphy (1975) developed a synthetic sweat solution to simulate skin conditions and Ryall, Holt and Noble (1980) used a medium containing skin keratin as the major nutrient to study antibiotic production by dermatophytes.
DISCUSSION
In the present study most strains subcultured on artificial media showed unstable inhibitor production. Six months after isolation, only six strains from subjects 1 to 10 still produced inhibitors. Similar instability has been reported by Taylor and Mayr-Harting (1 970), Lachowicz and Sienienska (1976) and Holland et al. (1979) .
Possible causes of inhibition between the skin bacteria are phage, antibiotics, bacteriocines, bacteriolytic enzymes, toxic metabolites and depletion of essential nutrients. All inhibitory strains were tested for phage by transferring a section of the inhibition zone to a sterile plate which was then overlaid with sloppy agar seeded with the sensitive strain and incubated overnight at 37°C. Plaques formed in only two tests and these strains were not included as inhibitors in the results; strains showing auto-inhibition were also excluded.
The inhibitory patterns between strains were found to be quite different from those reported by Holland et al. (1979) . They found that inhibitory P . acnes outnumbered inhibitory Micrococcaceae by four to one. In the present survey only four of 55 propionibacteria inhibited other strains isolated from the same skin site. On the other hand, inhibitory Micrococcaceae were found in 24 of the 60 test groups and represented 20.6% of the Micrococcaceae tested. However, Holland et al. (1979) concentrated on strains of P . acnes and S . epidermidis biotype 1 because of their interest in acne, whereas we examined total skin flora. Another important difference was our use of strains isolated from the same skin site as indicators of inhibitor production. In this way, several Micrococcaceae with very narrow inhibition spectra were isolated (table I); they were active only against one strain from the same skin site and yet the unusually sensitive strain obviously survived at that site. These strains were not inhibitory when tested against strains gathered from other skin sites or when tested against standard strains obtained from the National Collection of Type Cultures. This suggests that strains with narrow spectra of inhibitory activity are locally important in determining the skin flora; they can be easily overlooked in surveys with standard indicator strains.
Only four of the 92 aerobic diphtheroids tested were antagonistic and three of these strains were isolated from the foot. Leyden and Kligman (1979) reported overgr.owth of large-colony diphtheroids in interdigital athlete's foot with severe maceration. It is possible that inhibitors provide these organisms with an advantage in hydrated conditions where inhibitors can diffuse freely.
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